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FILTER MEDIUM FOR LEUKOCYTE REMOVAL 



(57) A leukocyte-removing filter material which con- 
sists of a porous element having fine pores of an aver- 
age pore diameter of not less than 1.0 u.m but less than 
100 urn and a fiber structure composed of a plurality of 
fibers having an average fiber diameter of not less than 
0.01 urn but less than 1 .0 jim kept on the above porous 
element wherein the porosity of the above filter material 
is not less than 50% but less than 95%, the proportion 
of the above fiber structure to the above filter material is 
not less than 0.01% by weight but less than 30% by 
weight the ratio between the average pore diameter of 
the above porous element and the average fiber diame- 
ter of the above fiber structure is not less than 2 but less 
than 2.000 and the above fiber structure forms a reticu- 
late structure; a process for producing the same; and an 
apparatus for removing leukocyte using the above filter 
material. 
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Description 
TECHNICAL FIELD 

s This invention relates to a leukocyte-removing filter material for removing leukocyte from a leukocyte-containing 
solution, a process for producing the same, a leukocyte-removing apparatus using the same and a process for remov- 
ing leukocyte. 

BACKGROUND ART 

ID 

In the field of a blood transfusion, in addition to the so-called whole blood transfusion that a whole blood preparation 
prepared by adding an anti-coagulant to blood gathered from donors is transfused, a so-called blood component trans* 
fusion has heretofore been generally carried out by which the blood component which the recipient requires separated 
from the whole blood preparation is transfused into the recipient. The blood component transfusion includes erythrocyte 

is transfusion, platelet transfusion, plasma transfusion and the like depending upon the kind of blood component required 
by a recipient, and the blood component preparations used in these transfusions include erythrocyte preparation, plate- 
let preparation, plasma preparation and the like. Recently, a so-called leukocyte-removed blood transfusion has been 
spread by which a blood preparation is transfused after the leukocyte mixed in the blood component preparation has 
been removed. This is because it has been clarified that relatively light side effects such as headache, nausea, chill. 

20 non-hemolytic febrile transfusion reaction and the like which accompany the blood transfusion; grave side effects such 
as alioantigen sensitization, virus infection, post-transfusion GVHD and the like which seriously affect the recipient are 
caused mainly by the leukocyte mixed in a blood preparation used in the blood transfusion. 

In order to prevent the relatively light side effects including headache, nausea, chill, fever and the like, it is said that 
the removal of the leukocyte in a blood preparation until the proportion of the residual leukocyte becomes 10' 1 to 10' 2 

25 or less is sufficient. Also, in order to prevent the alioantigen sensitization and virus infection which are grave side effects, 
it is said that the removal of the leukocyte until the proportion of the residual leukocyte becomes 10* 4 to 10~ 6 or less is 
sufficient 

The method of removing leukocyte from a blood preparation is roughly classified into two methods, one of which is 
a centrifuging method by which leukocyte is separated and removed by utilizing the specific gravity difference of blood 

39 components by using a centrifugal separator and a filtering method by which leukocyte is removed using a filter material 
consisting of a porous element such as a fibrous material, a porous material having interconnected cells or the like. The 
filtering method has such advantages as excellent leukocyte-removing performance, simple operation, low cost, etc., 
so that the filtering method has been spread. Moreover, as the filtering method, a method which comprises removing 
leukocyte by sticking or adsorbing using a nonwoven fabric as a filter material is now the most spreading because this 

35 method is particularly excellent in leukocyte-removing performance. 

The mechanism of removing leukocyte by a filter apparatus using the above-mentioned fibrous material or porous 
material Is mainly attributed to the fact that the leukocyte which has contacted with the surfaces of the filter material 
sticks to or adheres to the surfaces of the filter material. For example, EP-A-01 55003 discloses a technique by which a 
nonwoven fabric is used as the filter material. Furthermore, WO93/01880 discloses a leukocyte-removing filter material 

<o produced by dispersing in a dispersion medium a mass of a great number of small fiber pieces having a fiber diameter 
of not more than 0.01 jim and a length of about 1 to 50 ^m, together with spinable and weavable short fibers having a 
fineness off about 0.05 to 0.75 d and an average length of 3 to 15 fim, and removing the dispersion medium from the 
resulting dispersion. 

The existing leukocyte-removing filter has such a leukocyte-removing performance as to decrease the number of 
45 the residual leukocytes to not more than 1 x 10 s . Under such circumstances, two demands for the leukocyte-removing 
filter have been brought up in the market. 

The first demand is to enhance the recovery of the useful component and improve the handling by rendering the 
operation of recovering the useful component remaning in the filter and the circuit unnecessary by the presence of a 
physiological saline solution and air. In particular, blood which is the starting material for the blood preparation is in 
50 many cases a precious one supplied by well-intentioned blood donation, and the blood which has remained in the filter 
and has become impossible to recover is scrapped as it is, together with the filter and goes to waste. Therefore, it is 
very significant to increase the recovery of the useful component as compared with the existing leukocyte-removing fil- 
ter. However, in the case of the leukocyte-removing filter using the conventional technique, it is difficult to very greatly 
increase the recovery of the useful component 
55 The second demand is to achieve a higher leukocyte-removing rate than the existing leukocyte-removing filter and 
completely prevent a grave side effect from being caused by the leukocyte transfused into a patient. However, with the 
leukocyte-removing filter using the conventional technique, it is difficult to achieve so high a leukocyte-removing rate 
that such a side effect can be completely prevented. 
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DISCLOSURE OF INVENTION 

The first object of this invention is to provide a leukocyte-removing filter material which is much higherin ileukocyte- 
JSp-SL. per unit volume than the comrentionalfiHer material and in which the fit,* of a leul^e^ 

Zes of an average pore diameter of not less than 1 .0 um but less than 1 00 urn and a f toer structure composed of 
b rSJSS o Sere tevingan average fiber diameter of not less than 0.01 urn but less than 1 .0 um kept on the above 
oo?o^ demert ^ in wiich the porosity of the above fitter material is not less than 50% but less than 95%; thepro- 
^on o Telove L stmcture to Jsaid filter materia, (me word 

MM) is not less than 0.01% by weight but less than 30% by weight the ratio between the average pore Mrri 
he pores of the above porous element (referred to in some cases hereinafter as the average d '^ter *e 
™ dement) and the average fiber diameter of the fibers constructing the above fiber stnicture Referred to m some 
SaTes ha S>« me average fiber diameter of the fiber structure) is not less than 2 but less than 2*00; and the 
M f!beSSuS forms a reticulate structure. The present inventors have found that when such a leutocyte-remov- 
ina filter material is used, the above-mentioned first object can be achieved. 

The^nd object of this invention is to provide a process for producing the leukocyte-removng f .Iter matenal of 
this invention This process is a process for producing a f ilter material in which fibers havmg an average fiber diameter 
T no7.S ian 0 0 P 1 um but lei than 1 .0 „m obtained by cleaving deavable fibers are ^'- ^^ 
deposited and kept on a porous element having fine pores of an «WPorBd«meterolnotle88l^pm^te» 
than 100 um (refitted to in some cases hereinafter as the porous element having an average pored.ameter of not less 
tS O^nbi^ 

an ability to produce cellulose fiber and a porous element having an average pore d.ameter of not less than 1 .0 um but 
less than 1 00 um to coexist in a liquid culture medium and culturing the microorganism; or the fata. The presert I inven- 
tors have foundthat according to such a process, the leukocyte-removing filter matenal of th.s inverrbon can be pro- 

25 dUC te 6 tW^^^ 

from a Lkocyte^ontaining solution such as a whole blood preparation, an erythrocyte preparabon a platelet ^prepara- 
Z or the like while inhibiting the loss of the useful blood component very low. and achieve a high Moqrl^mm 
rate and a process for removing leukocyte. The present invert have found that v*en a 
sLred by rneans of the filter apparatus for removing leu^ 

priatelylrr^nged which consists of a porous element h^ng an average pore diameter o^ 
torn 100 um and a fiber structure composed of a plurality of fibers having an average fto diameter of not less than 
S5 um btf less than 1 .0 um kept on the above porous dement (said fiber structure is referred to hm£rM«» 
ftoersVucturetavim^^ 

oHhef ilter material fe not less than 50% but less than 95%; the keeping proportton of the above fiber structure to the 

is not .ess than 0.01 % by weight but less than 30% by weight; 
diameter of the above porous element and the average fiber diameter of the above fiber structure s not less than 2 but 
feTtSan 2.00ofaS the above f toer structure forms a reticubte structure, the loss of the useful Wood component can 

be lowered and a high leukocyte-removing rate can be achieved. 

Yhe present inventors have made extensive research in order to achieve the above objects, and have consequerrty 
completed this invention relating to a leukocyte-removing filter material which cons.sts of a porous 
avenge pore diameter of not less than 1 .0 um but less than 100 um and a fiber structure of an average f ber dimeter 
tfOOl umbut less than 1.0 umkept on the above porous element and in which the porosrty of the above aterrraerurf 
Z nSlm but less^anW*; the keeping proportion of the above fiber structure to ^ ^<«""££ 
isnotlessthan0.01%by weight butless than 30% by weight; the ^^^J^^l^^Tf^^ 
porous element and the average fiber diameter of the above fiber structure e not less than 2 but less than 2.000. and 
the above fiber structure forms a reticulate structure. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig 1 is an electron micrograph of a filter material having a curved reticulate structure. 

Fig. 2 is an electron micrograph of a fitter material having a polygonal reticulate structure. .. m . ^ 

Fig. 3 is an electron micrograph of a nonwoven fabric fitter material in which fibers having different fiber diameters 
are mixed and entangled. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The average fiber diameter referred to in this invention is a value obtained by taking a seeing eledronmicrc^aph 
of fibers constructing the fiber structure, measuring diameters of at least 100 fibers selected at random and calculating 
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the number average value of them. The measurement of the average f fcer diameter may be carried out before keeping 
the fibers on the porous element which is a base material or after keeping the f toers on the porous element which is a 
base material. In particular, when the porous element is composed of a congregation of fibers, it is preferable to meas- 
ure the average fiber diameter before keeping the fibers on the porous element because the measurement can be more 
exactly carried out 

Fibers having an average fiber diameter of less than 0.01 pm have a low fiber strength, and when a leukocyte-con- 
taining solution is treated, the fibers tend to be cut by collision of leukocyte, other blood cell components or the like so 
that the above fibers are not suitable for the purpose of this invention. Moreover, fibers having an average fiber diameter 
of not less than 1,0 pm make the porosity of the filter material smaller, whereby the flow of a leukocyte-containing solu- 
tion becomes bad. so that the above fibers are not suitable for the purpose of this invention. In order to contact lym- 
phocyte and the like, which have a relatively small diameter among the leukocytes and are low in tackiness with the 
filter material at many points with a good efficiency and capture them, the average fiber diameter of the fibers is prefer- 
ably not less than 0.01 pm but less than 0.8 pm. 

In addition, in the fiber structure in this invention, fibers having a very small average fiber diameter form a reticulate 
structure. Such a reticulate fiber structure is kept on the porous element. In this invention, that the fber structure is kept 
on the porous element means the state that the above reticulate fiber structure is present so that the pore portions of 
the porous element which is a base material are covered therewith and is fixed on the base material as shown in Fig 1 
or Fig. 2. Fig. 1 and Fig. 2 are electron micrographs of the filter materials of this invention having typical reticulate struc- 
tures. Based on Fig. 1 and Fig. 2. the characteristics in physical structure of the filter material of this invention are 
so described below. 

In the filter material of this invention, a plurality of f bers having an average fiber diameter of not less than 0.01 pm 
but less than 1.0 urn form a reticulate structure and constitute the fiber structure, and this fiber structure is kept on a 
porous element having fine pores having an average pore diameter of not less than 1 .0 pm but less than 1 00 pm How- 
ever, the fibers constituting the fber structure are not in the form a bundle but in the form of a so-called single fber in 
which the fibers are in the split state, and a plurality of these single f toers are physically entangled to form a reticulate 
structure. The reticulate structure referred to in this invention includes such a structure that the formed meshes are 
curved because the fbers constituting the fiber structure have a curved structure as represented by Fig. 1 . and such a 
structure that the meshes formed are polygonal because the fibers constituting the fiber structure have a linear struc- 
ture as represented by Fig. 2. 

When this reticulate fiber structure is uniformly kept on the porous element at the cross-section perpendicular to 
thellow of the leukocyte-containing solution, the leukocyte can be captured with a good efficiency, so that it is preferred 
Triat the fiber structure is uniformly kept on the porous element at the cross-section perpendicular to the flow of the leu- 
kocyte-containing solution means that when portions of filter material in the cross-section perpendicular to the flow of 
the leukocyte-containing solution are sampled at random, the amount (density) of the fiber structure contained in each 
of those sampled portions of filter material is substantially equal, and this amount introduced can be actually deter- 
mined by measuring the scattering of amount of the fiber structure present in a given amount of the filter material hi 
each portion of the filter material sampled. 

Furthermore, it is particularly preferable that in addition to the substantially equal amount of the fiber structure intro- 
duced in each portion of the filter material sampled at random in the cross-section perpendicular to the flow of the leu- 
kocyte-containing solution, the distribution of mesh sizes in each portion is substantially equal and a substantially same 
reticulate structure is formed. Incidentally, in the present specification, such a state is expressed "a uniform, reticulate 
structure is formed". More specifically explaining, that a uniform, reticulate structure is formed refers to such a state that 
the reticulate structure in each portion of the filter material sampled at random has, when observed through an electron 
microscope, a distribution of approximate mesh sizes and a similar mesh form and is deemed to be substantially the 
same. The state that no uniform reticulate structure is formed refers to such a state that when the reticulate structure in 
each portion of the filter material sampled at random is observed, it can be judged that the distribution of mesh sizes in 
each portion is greatly dfferent and the form thereof is clearly different. 

In the filter material of this invention, it is preferable that the fiber structure having an average fber diameter of not 
less than 0.0 1 M m but less than 1 .0 pm forms a reticulate structure and is kept on the porous element having an average 
pore diameter of not less than 1 .0 pm but less than 100 pm; the porosity of the filter material is not less than 50% but 
less than 95%; and the ratio between the average pore diameter of the porous element and the average fiber diameter 
of the fiber structure is not less than 2 but less than 2.000. 

Here, the average pore diameter is a value obtained by measurement according to a mercury pressurizing method. 
That is to say, when the amount of mercury pressurized at a mercury-pressurizing pressure of 1 psia is 0% and the 
amount of mercury pressurized at a mercury pressurizing pressure of 265 psia is 100%. a fine pore diameter corre- 
sponding to an amount of mercury pressurized of 50% is taken as the average pore diameter. When the average pore 
diameter is less than 1 .0 M m. the leukocyte-containing solution does not flow and hence it is not suitable for the purpose 
of this invention. When the average pore diameter is not less than 100 pm. it often becomes difficult to maintain the fiber 
structure and hence it is not suitable for the purpose of this invention 
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in order to keep the flow of the leukocyte^ontaining solution in a good state, the ratio between hMVPn 
tor trTe^STe SnventicTwhen the ratio of the average pore diameter of the porous element and the 

mmmmmB 

the averagefiber diameter of the ^^^^^^^^Z^ 
The Dorous element referred to in this invention includes a fiber congregation, a porous f.lrrn a spongy, .rrtercon- 
The «^J^ m .® m a r ^* " ^ an average pore diameter of not less than 1 urn but less than 100 urn. 

?£Z ffcer cation, particularly preferable is a A. ^congregation ^- 

- wmmmmm 

faTetdt^^^ 

<o sTuSel^uaSL determination using a commercially available quantitative ****** '/eager*, and from 
heSSm oT^ucose obtained, the amount of f toer structure Kept on the P<"«"«* ££££ j, ^ ^ 
In order to achieve a high leukocyte-removing performance, it rs preferable that the fiber structure is Kept t^erme 
whole TZ «Ss7ement. HoweveV. when H is difficult that the fiber structure is kept in a deep intenor of the porous 
a ZSLZq from production process, the fiber structure may be kept on the f^*"^™* 

ture on the porous element in order to achieve the high leukocyte-removing performance. 

In ihe leutoc^wemoving filter material of this invention, it is preferable that the porosrty -s not less than 50% but 

S and ft is not suitable for the purpose of this invention. When the porosrty * not ^ ^f^J^^ 
strength of the fitter material is low and when the leukocyte^containing solution is treated, the filter material « broken 
and no more exerts its function as a f ilter material, so that ft is not suitable for this tnverrtioa 

^e Sosity is determined by measuring the dry weight (W,) of the filter material cut to the grven further 
nJSSSXSmm: calculating the volume (V). immersing this filter materia, in waten 
deleration; thereafter measuring the weight (W 2 ) of the water-containing filer matenal. and calculating the porosrty 
from the following calculating equation in which p is the density of pure water: 



so 



55 



Porosity (%) = (W 2 - W ,) x p x 100/V. 
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The thickness of the leukocyte-removing f ater material of this invention is preferably not less than 0. 1 mm but less 
than 30 mm in the direction of the flow of the leukocyte-containing solution. When the thickness is less than 0 1 mm 
the frequency of collision between the filter material and the leukocyte in the leukocyte-containing solution is reduced* 
and hence, a high leukocyte-removing performance is difficult to achieve, so that it is not desirable. When the thickness 
is not less than 30 mm. the resistance of the filter material to the passing of the leutayte-cortaining solution there- 
through becomes high, and hence, the treatment time is elongated and the erythrocyte membrane is broken to cause 
hemolysis, and for these reasons and the like, it is not desirable. It is more preferable that the thickness of the filter 
material in the flow direction is not less than o.l mm but less than 15 mm. 

When as a method of obtaining the filter material of this invention, there is adopted a production process charac- 
terized by dispersing the fibers having an average fiber diameter of not less than 0.01 um but less than 1 0 urn in a sol- 
vent and keeping the same, by paper-making, on a porous element having an average pore diameter of not less than 
1 -0 urn but less than 1 00 um, H is more preferable that in the leukocyte-removing filter material obtained the ratio of the 
average pore diameter of the porous element to the average fiber diameter of the fiber structure is not less than 16 but 
less than 300. Moreover, the keeping proportion of the fiber structure to the filter material is preferably not less than 
0.3% by weight but less than 5.0% by weight. In addition, it is more preferable that the average ftoer diameter of the fiber 
structure is not less than 0.05 um but less than 0.5 um. 

Furtheimore. when as a method of obtaining the filter material of this invention, there is adopted a production proc- 
ess characterized by allowing a microorganism having an ability to produce cellulose fiber and a porous element having 
an average pore diameter of not less than 1 .0 ,im to less than 100 um to coexist in a liquid culture medium, cutturing 
the microorganism inthe liquid culture medium and recovering the porous element, it is preferable that in the leukocyte- 
removing fitter material obtained, the ratio of the average pore diameter of the porous element to the average fiber diam- 
eter of the fiber structure is not less than 160 but less than 1.500. In addition, it is more preferable that the keeping pro- 
portion of the fiber structure to the filter material is not less than 0.03% by weight but less than 1 .0% by weight, and it 
is more preferable that the average fiber diameter of the fiber structure is not less than 0.01 um but less than 0 05 um 
Since when the leukocyte-removing filter material of this invention is treated, as a post-processing with a binding 
agent such as a water-soluble high polymer solution or the like, there is generally a possibility that the reticulate struc- 
ture is broken, including the case where the fibers constructing the fiber structure are bundled with one another in the 
form of a bundle, the case where a film-like material is formed between plural fibers, and the like, so that it is preferable 
that the filter material is not treated with such a binding agent. On the other hand, when the fibers are relatively thick 
and short and the physical entanglement thereof with the porous element is insufficient, it is possible to effectively fix 
the fibers on the porous element by a treatment with a binding agent such as a relatively dilute, water-insoluble high 
polymer solution or the like as a post-processing of the leukocyte-removing filter material of this invention, whereby the 
fibers can be prevented from falling off. ' 

It is also possiblelo modify the surface of the leukocyte-removing fitter material to a surface to which platelet or 
erythrocyte is difficult to stick, thereby increasing the recovery of the platelet or erythrocyte and removing only the leu- 
kocyte. As a method of modifying the surface of the filter material, there are mentioned a surface graft-polymerization 
a coating with a high polymer material, an electrical discharge treatment and the like. 

As the high polymer material used when the surface of the filter material is modified by a surface graft-polymeriza- 
tionor a coating with a high polymer material, preferred is a high polymer material having a nonionic hydrophilic group 
As the nonionic hydrophilic group, there are mentioned hydroxy! group, amido group, polyethylene oxide chain and the 
like. The monomers which can be used in the synthesis of the high polymer material having a nonionic hydrophilic group 
include for example. 2-hydroxyethyl methacrylate. 2-hydroxyethyl acrylate. vinyl alcohol (prepared by hydrdyzing a pol- 
ymer obtained by polymerization of vinyl acetate), methacrylamide. N-vinylpyrrolidone and the like. Among the above 
monomers. 2-hydroxyethyl methacrylate and 2-hydroxyethyl acrylate are preferred in view of easy availability, easy han- 
dling m the polymerization, leukocyte-containing solution-treating performance, and the like. 

The high polymer material used in the above surface graft-polymerization or in the coating with a nigh polymer 
material is preferably a copolymer containing, as a monomeric unit, a polymerizable monomer having a nonionic 
nydrophilic group and/or a basic nitrogen-containing functional group in an amount of 0.1 to 20 mole%. As the basic 
nrtrogen-corrtaming functional group, there are mentioned primary amino group, secondary amino group, tertiary amino 
group, quaternary ammonium group and the like; and also nitrogen-containing aromatic ring group such as pyridyl 
group, imidazole group and the like; etc. As the polymerizable monomer having a basic rutrogen^orrtairung functional 
group, there can be mentioned derivatives of methacrylic add such as dimethylaminoethyl methacrylate. diethylami- 
noethyl methacrylate. dimethylaminopropyl methacrylate. 3<fimethylamino-2-hydroxypropyl methacrylate and the like 
vinyl. derivatives of nitrogen-containing aromatic compounds such as allyramine. p-vinylpyridine. 4-vinyiimidazole and 
the like: and quaternary ammonium salts obtained by reacting the above vinyl compound with an alkyl hal.de or the like. 
Among the above polymerizable monomers, dimethylaminoethyl methacrylate and diethylaminoethyl methacrylate are 
preferred from the viewpoints of easy availability, easy handling in polymerization, leukocyte-containing solution-treat- 
ing performance and the like. 

When the monomer unit content of the polymerizable monomer having a basic nitrogen-containing functional group 
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in the copolymer obtained is less than 0.1%. the effect of inhibiting platelet from sticking to the surface of the filter mate- 
rial is not so much found, and hence, it is not desirable. Moreover, when the monomer unit content of the polymerizaWe 
monomer having a basic nitrogen-containing functional group in the copolymer is not less than 20%. not only leukocyte 
but also useful components such as platelet and erythrocyte become liable to stick to the surface of the filter material, 
and hence, it is not desirable. It is more preferable that the content of the polymerizaWe monomer having a basic nitro- 
gen-containing functional group in the copolymer is 0.2 to 5% as the monomer unit 

The present inventors have made extensive research on providing a process for producing a leukocyte-removing 
filter material which is the second object of this invention and have consequently found that when f bers having an aver- 
age fiber diameter of not less than 0.01 pm but less than 1.0 *im are dispersed in a dispersion medium and kept, by 
paper-making, on a porous element having an average pore diameter of not less than 1.0 *im but less than 100 jim, 
there can be produced a leukocyte-removing filter material which consists of the above porous element and a fiber 
structure composed of a plurality of the fibers and in which the porosity of the above filter material is not less than 50% 
but less than 95%. the keeping proportion of the above fiber structure to the above filter material is not less than 0.01% 
by weight but less than 30% by weight, the ratio between the average pore diameter of the above porous element and 
the average fiber diameter of the above fiber structure is not less than 2 but less than 2.000 and the above fiber struc- 
ture forms a reticulate structure, and have completed the production process of this invention. 

In order for the f ber structure to form a reticulate structure in the f ater material of this invention, it is necessary that 
the fibers having an average fiber diameter of not less than 0.01 jim but less than 1.0 pm have a curved shape and have 
such properties that the fibers per se are soft, easy to curve, relatively short and the like. In addition, even if fibers orig- 
inally do not have a curved shape, they are applicable to this invention as far as they have been given a curved shape 
by a heat treatment, a mechanical treatment or a treatment with various chemicals. 

The above fibers having an average fber diameter of not less than 0.1 ^m but less than 1 .0 nm can be produced 
by subjecting dividable f bers. representatives of which are regenerated cellulose fiber, finely porous cleavable acrylic 
fiber and the like, as well as the cleavable composite fibers obtained by the known methods stated in JP-B-47-37648. 
25 JP-A-50-5650, JP-A-53-38709 and the like, to physical stir using a mixer or the like, ejection of a high pressure liquid 
stream, treatment in a high pressure homogenizer, or the like. 

As the material of fiber which can be easily curved, suitable are cellulose, polyacrytonitrile. polyester, polyolefin. 
polyamide and the like: however, there can be used any material which can be formed into fbers which have an average 
fiber diameter of not less than 0.01 urn but less than 1.0 \xm and can be curved by a heat treatment or a mechanical 

3D treatment. . 

A method for obtaining fibers having the above specified average fiber diameter by subjecting, among the above- 
mentioned dividable fibers, regenerated cellulose fibers, if necessary, to acid treatment or alkali treatment and thereaf- 
ter to physical stir in a liquid using a mixer or the like to f ibrillate the fibers is particularly preferable, because the fiber 
diameters of the resulting f bers become very small, and f toers having a curved form can be easily obtained, as a result 

35 of which it becomes easy for the fibers to form a reticulate structure. This process for obtaining f bers having an average 
fiber diameter of not less than 0.01 *im but less than 1.0 jim by ftorfllating regenerated cellulose fibers is explained 
below specifically and in more detail. First of all. commercially available regenerated cellulose f bers having f ber diam- 
eters of about 10 ^m are cut to a given length, and thereafter immersed in about 3% by weight aqueous sulfuric acid 
solution and subjected to acid treatment at 70°C for 30 minutes with slowly stirring. The thus acid-treated regenerated 

40 cellulose fibers are washed with water and thereafter vigorously stirred in water using a mixer at 1 0.000 rpm for a period 
of from 30 minutes to 90 minutes, upon which the regenerated cellulose fbers are f ibrillated and made finer, whereby 
the objective fbers can be finally obtained. 

Also, fbers having an average fiber cfiameter of not less than 0.01 jim but less than 1.0 jim obtained by using a 
known sea-island type fibers as the starting material, subjecting them, if necessary, to previous heat treatment or 

45 mechanical treatment to process the starting fbers into a curved shape and dissolving the sea component using vari- 
ous solvents to remove the same, have also a curved shape and are suitable for the production of the above-mentioned 
leukocyte-removing filter material of this invention. 

Other processes for obtaining fibers suitable for the production of the leukocyte-removing fitter material of this 
invention are described below. 

so Microorganisms having an ability to produce cellulose are cultured by intermittently or continuously giving them a 
vibration in a liquid culture medium. When a vbration is given, the microorganisms having an ability to produce cellulose 
can cut and separate the cellulose fbers produced from the bacterial cells. In general, with acetic acid bacterium which 
is a kind of microorganism having an ability to produce cellulose, rt is said that the f ber diameters of the cellulose fbers 
produced are about 0.01 M m to about 0.1 urn and the cellulose f ber-production rate is about 2 jim/min. Accordingly, by 

55 suitably setting the time for which a vibration is given to the liquid culture medium and the interval thereof, fbers having 
the desired length can be obtained. By recovering these f toes from the culture medium, there can be also obtained fib- 
ers suitable for the production of the leukocyte-removing filter material of this invention. Furthermore, in order to 
enhance the dispersfoilrty of the fbers obtained by intermittently or continuously giving a vbration to microorganisms 
having an ability to produce cellulose while cutturing the microorganisms in a liquid culture medium, rt is preferable to 
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spirt the ffoers by such a means as violently stirring of the liquid culture medium or the like. Also, when the microorgan- 
isms having an ability to produce cellulose are continued to be cultured in a liquid culture medium for a long period of 
time, a gel-like fiber mass in which a number of cellulose fibers congregate is obtained. By finely grinding and splitting 
this gel-like ffoer mass in a homogenizer or the like, fibers suitable for the production of the leukocyte-removing filter 

5 material of this invention can also be obtained. 

The thus obtained fibers having an average fiber diameter of not less than 0.01 jim but less than 1.0 urn are dis- 
persed in a dispersion medium so that the concentration becomes about 0.01 g/L to about 1 g/L to obtain a fiber dis- 
persion. As the dispersion medium, there can be used not only pure water but also an aqueous solution containing 
about 0.1 % to 5% of a surfactant; an aqueous solution whose viscosity has been increased by adding thereto about 0.1 

70 % to 5% of a polyacrylamide for more improving the dispersibilrty of the fibers; and the like. 

Subsequently, a porous element having an average pore diameter of not less than 1.0 (im but less than 100 urn is 
arranged on the base of a funnel-like vessel and the above fiber dispersion is poured thereinto, stored therein for a short 
while and then discharged at one time, and thereafter the porous element is dried, whereby the fitter material of this 
invention can be obtained. In this invention, such a production process is referred to as paper-making. At this time, if 

75 the fibers are short they can be kept even in a deep interior of the porous element, so that is preferable. 

It is preferable to further apply a high pressure liquid stream treatment at a pressure of about 3 kg/cm 2 to 200 
kg/cm 2 to the filter material produced by the above-mentioned production process because the fibers can be more uni- 
formly kept in a deeper interior of the porous element in the direction of the thickness thereof. 

As a different preferable process for producing the leukocyte-removing filter material of this invention, there is men- 

20 tioned a process which comprises allowing a microorganism having an ability to produce cellulose fiber and a porous 
element having an average pore diameter of not less than 1.0 fim but less than 100 %m to coexist in a liquid culture 
medium, cufturing the microorganism in the liquid culture medium and thereafter recovering the porous element. Even 
by this process, there can be produced a leukocyte-removing filter material in which a fiber structure having an average 
fiber diameter of not less than 0.01 iim but less than 1 .0 \im are kept on the porous element, the porosity of the filter 

25 material is not less than 50% but less than 95%, the keeping proportion of the f foer structure to the above filter materia' 
is not less than 0.01% by weight but less than 30% by weight, the ratio between the average pore diameter of the 
porous element and the average fiber diameter of the fiber structure is not less than 2 but less than 2.000 and the fiber 
structure forms a reticulate structure. An example of this production process is specifically explained below. 

First of all, a porous element as a base material is arranged in a culture medium. The composition of a represent- 
so ative culture medium is 2% of grape sugar, 0.5% of polypeptone, 0.5% of yeast extract, 0.27% of sodium hydrogen- 
phosphate anhydride and 0.1 15% of citric acid monohydrate. It is sufficient that the porous element is partly contacted 
with at least the culture medium, and it is preferable that the porous element is arranged in parallel to the surface of the 
culture medium. A microorganism having an ability to produce cellulose fiber is dispersed in the culture medium so that 
the microorganism concentration becomes not less than 1 cell/mL but less than 1.0 x 10 s cells/mL. In this state, the 

35 microorganism is cultured for a period of 0.5 hour to 48 hours to keep a reticulate fiber structure composed of cellulose 
fibers on the porous dement, thereby producing the leukocyte-removing filter material of this invention. The microor- 
ganism having an ability to produce cellulose fiber is inferred to produce cellulose f foers while it wanders in the interior 
of the porous element, and hence, a reticulate structure of long cellulose fibers is kept in the interior of the porous ele- 
ment in such a state that the ftoers are physically and closely entangled. Accordingly, even when the filter material is 

40 washed or the leukocyte-containing solution is allowed to flow down in the filter material, the reticulate structure of the 
cellulose fibers is not broken and does not fall off. Moreover, by controlling the concentration of the microorganism hav- 
ing an ability to produce cellulose fiber in the culture medium, the culturing time and the like, the amount of the cellulose 
fibers kept on the porous element can be controlled. For example, when the concentration of the microorganism in the 
culture medium at the time of starting the culture is the same, the keeping proportion is increased by prolonging the cul- 

45 turing time. When the culturing time is the same, the keeping proportion is increased by elevating the concentration of 
the microorganism in the culture medium at the time of starting the culture. 

As the microorganism having an ability to produce cellulose fiber, there can be utilized acetic acid bacteria of the 
Acetobacter genus, bacteria of the Sarcina genus, bacteria of the Bacterium genus, bacteria of the Agrobacterium 
genus, bacteria of the Rhizobium genus, bacteria of the Pseudomonas genus, and the like. Among them, acetic acid 

so bacteria of the Acetobacter genus are particularly preferable. The microorganisms of the Acetobacter genus are said to 
produce f foers having a fiber diameter of 0.01 \um to 0.1 pm; however, the use of other microorganisms mentioned 
above enables the production of fibers having various fiber diameters. When, among the culture medium components, 
the amounts of the polypeptone which is the nitrogen source and the yeast extract are increased or decreased, the divi- 
sion and proliferation potential of the microorganism can be inhibited, whereby the mesh size of the fiber structure 

55 formed can be controlled. 

As mentioned hereinbefore, when the microorganism having an ability to produce cellulose fiber is given a vibration 
during culturing, it cuts the cellulose fibers produced from the bacterial cells in some cases, and hence, in order to keep 
the reticulate fiber structure on the porous element with a good efficiency in the state that the fibers are physically and 
closely entangled, it is preferable that the culture is a stationary culture. In addition, when the culture is effected while 
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the liquid level ol the Oquid culture medium is changed intermittently or continuously to allow the fiquid ai ture medium 
Z paS trough the Verier and interior of the porous element the reticulate ffcer structure ^*^£"r 
3 Worouselement with a good efficiency. In general, microorganisms having an ab.Wy to P^™" 1 **^ 
aerobicbacteria and when they are cultured whOe a gas is fed into the liquid culture med.um and/or the, rrtenor of tt» 
P^ous dement the abOity to produce cellulose fiber is enhanced and the f to matena. «. be produced ^ better 
efficiency When the rricroorgamsms having an ability to produce cellulose f ber are aerobe bactena. the exisbngden- 
SyTthe micToo^anism terSds to become high in the portion in which the dissolved oxygen concentat.or rel P *vdy 
SiTntte neighborhood of the surface ot the culture medium. Therefore, in the case of the fdter matena. of this .nven- 
SoVproduoed oy carrying out the stationary culture in such a state that the porous element is arranged ,n parallel to me 
surfaceof toe cutturemedium and sunk under the surface of the culture medium, the keep.ng proportion of the eticu- 
!^ .^Mtofeoom. higher on the upper surface of the porous element '^^^^ 
cvte-remcving performance of the filter material. H is preferable to increase the keepmg proporton of the reticulate fiber 
sSct^Tr!d EeLrple. it is possible to increase the keeping proportion on the k^er surface of the porous element 
by turning the porous element upside down during the culture. 

in order to control the amount of cellulose fibers which can be kept on the porous element by controlhng the con- 
centration of the microorgani^^^ 

S is preferable that the nLcorganism concentration is not less than 1 cell/mL but less than 1 .0 x ^ cel^mL and ^e 
cubing time is not less than 0.5 hour but less than 48 hours. When the microorganism concentration eless Jhan 1 
cell/mL. the keeping proportion of f fcers becomes small in many cases and the ^^^^^^To* 5? 
filter material becomes low, so that it is not desirable. When the microorgamsm concentration s not '^f^^ 
cells/mL the keeping proportion of the fibers becomes large in many cases and the flow of the teukoc^ntainmg 
Sutn in the fate' rnaSbecomes bad. so that H is no. desirable. As a method of dete^ng 
organism cells having an ability to produce ceflulose fiber in the culture med.um. a « ,on y^ n 9 J"^^ 
When the culturing time is less than 0.5 hour, the keeping proportion of the reticulate f berstructure is smal I in many 
cases and it is impossible to achieve a high leukocyte-removing performance, so that rt .s not desirable^ When the cul- 
turing'time is noMess than 48 hours, a portion in which the keeping proportion of the reflate t^**™* 
extremely large, namely a skin layer-like structure is formed in many cases on the surface of the porous element and 
the flow of the leukocyte-containing solution becomes bad. so that it is not desirable. 

aTJ Tfur^er different process for producing the leukocyte-removing filter material of this invention, there can be 
mer^nei aTocess for producing a leukocyte-removing filter materia, in which the reticle m* ■ « 

Serous element, the prosify of the filter material is not less than 50% but less than 95% the keeping pnportmc* 
the Sber structure to the filter material is not less than 0.01% by weight but less thain 30% iby weight and the ratio 
olveen the average pore dfameter of the r^ous elemert and the f^ 

2 but less than 2.000. which comprises spinning a porous element having an average pore diameter of not lessthan 
1.0 urn but less thanlOO^by the melt-Wowing process and mixing fibers ha « n 9 an ^ era 9f^l d *^°J"^ 
than 0.01 urn but less than 1.0 urn into the fiber bundle stream which ,s berng spun. It » : preferable thatl me 
removing fitter material produced by the above production process is subjected to a high pressure liquid streanifreat- 
m^t about 3 kg/cm* to about 200 kg/cm* because it is made possible to keep the fibers more uniformly and m a 
deeper interior of the porous element. » ^u. *n 

T*e third object of this invention is to provide an apparatus for removing leukocyte which ^^ rt r^bleto 
remove the leukocyte from the leukocyte-containing solution while inhibiting the loss of the useful Wood comments in 
a very low state and achieve a high leukocyte-removing rate and to provide a process for m ^ n^! 
apparatus as well as to provide an apparatus for removing leukocyte which can achieve a much h«Jer 'eukocyte- 
nmertig rate than conventional apparatus for removing leukocyte and a process for reroovmg leukocyte ; using , the 
s^rT-rSe present inventors have made extensive research and have consequently found that the above object can be 
achieved by f iltering a leukocyte-containing solution using a later apparatus in which the fdter matenal of trus invention 
is appropriately arranged in a vessel having at least a feed opening and a discharging opening 

^Sie fitter apparatus for removing leukocyte of this invention is an apparatus in which a «ter compnsing the later 
material of this invention is appropriately packed in a vessel having at least a feed opening and a d,scrarg,ng opening 
Onetater material layer or plural later material layers laminated in the flow direction of the leukocytencontaining^ sduton 
may be packed intne vessel. On the other hand, in the case where a high ^^tT^TJ^Z 
poured intoafater material for the purpose of modifying the surface of the fBter material to subject ^^cet^ng 
treatment or in the like case, the f flter material in the lowest layer in the apparatus of this inverton sticks onto the eter- 
nal wall of the apparatus to cause a drift of the leukocyte-containing solution in some cases. In such a cas^by inserting 
a relatively large mesh filter material into the lowest layer, the filter material can be prevented from sticking onto the 
internal wall of the vessel to cause a drift of the leulwyte^ontaining solution. . _ thoimna . 

The f ater apparatus for removing leukocyte of this invention may further contain other filter materials on the upper 

stream side and/or the downstream side of the filter material of this invention. . iri Aa 

In general, the leukocyte-containing solution contains fine aggregates in many cases. In order to remove leuKOcyie 
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from a leukocyte-containing solution which contains a large amount of such fine aggregates, a pref iter can be used. As 
the prefitter, there are preferably used a congregate of fibers having an average fiber diameter of 8 jim to 50 urn; an 
interconnected porous material having an average pore diameter of 20 um to 200 iim; and the Eke. 

it is preferable that the sectional area of the filter material in the normal line direction to the flow direction of the leu- 

5 kocyte-containing solution in the filter apparatus for removing leukocyte of this invention is not less than 3 cm 2 but less 
than 100 cm 2 . When the sectional area is less than 3 cm 2 , the flow of the leukocyte-containing solution becomes 
extremely bad, so that it is not desirable. When the sectional area is not less than 100 cm 2 , the thickness of the filter 
has to be made small and a high leukocyte-removing performance cannot be achieved. In addition thereto, the size of 
the filter apparatus is required to be made large, so that it is not desirable. 

io The process for removing leukocyte of this invention comprises treating a leukocyte-containing solution in the filter 
apparatus for removing leukocyte of this invention and recovering the filtered solution. In more detail, it is a process for 
removing leukocyte from a leukocyte-containing solution which comprises using an apparatus having 1) a feed opening, 
2) a filter comprising the filter material of this invention and 3) a discharge opening, pouring a leukocyte-containing solu- 
tion from the feed opening and recovering the solution filtered through the filter material from the cf scharge opening. 

is As the leukocyte-containing solution to be filtered in the filter apparatus for removing leukocyte of this invention, 
there are mentioned a whole blood preparation, a concentrated erythrocyte preparation, a platelet concentrate prepa- 
ration and, in addition, a body fluid and the like. 

When the leukocyte-containing solution is a whole blood preparation or a concentrated erythrocyte preparation, it 
is preferable to treat the leukocyte-containing solution in a filter apparatus for removing leukocyte having an apparatus 

so volume of not less than 3 mL but less than 20 mL per one unit. Here, the term "one unit" refers to about 300 mL to 550 
ml of a whole blood preparation or a concentrated erythrocyte preparation. When the apparatus volume per one unit is 
less than 3 mL, the possibility that a high leukocyte-removing rate cannot be achieved is high, so that it is not desirable. 
When the apparatus volume per one unit is not less than 20 mL, the amount of the useful components in the leukocyte- 
containing solution remaining unrecovered in the apparatus, in other words, the loss of the useful components becomes 

*>5 large, so that it is not desirable. By filtering the whole blood preparation or the concentrated erythrocyte preparation in 
the filter apparatus for removing leukocyte of this invention, the leukocyte can be removed until the number of the resid- 
ual leukocytes in the recovered solution becomes less than 1 x 10 3 leukocytes/unit. 

When the leukocyte-containing solution is a platelet concentrate preparation, it is preferable to treat the leukocyte- 
containing solution in a filter apparatus for removing leukocyte having an apparatus volume per 5 units of not less than 

so 1 mL but less than 1 0 ml. Here, the term "5 units" refers to about 1 70 mL to about 200 mL of a platelet concentrate prep- 
aration. When the apparatus volume per 5 units is less than 1 mL, the possibility that a high leukocyte-removing rate 
cannot be achieved is high, so that it is not desirable. When the apparatus volume per 5 units is not less than 10 mL. 
the amount of the useful components remaining unrecovered in the apparatus becomes large, so that tt is not desirable. 
By filtering the platelet concentrate preparation in the filter apparatus for removing leukocyte of this invention, the leu- 

35 kocytes can be removed until the number of the residual leukocytes in the recovered solution becomes less than 1 x 
10 3 leukocytes/5 units. 

When leukocyte is removed using the filter apparatus for removing leukocyte of this invention while the blood trans- 
fusion is carried out on the bed side in a hospital, it is preferable to filter the leukocyte-containing solution at a rate of 
not less than 1 g/min but less than 20 g/min. On the other hand, when leukocyte is removed from a blood preparation 

<o for blood transfusion using the filter apparatus for removing leukocyte of this invention in the blood center, rt is preferable 
to fitter the leukocyte-containing solution at a rate of not less than 20 g/min but less than 100 g/min. 

The filter apparatus for removing leukocyte of this invention can be used for the purpose of not only removing leu- 
kocyte, which causes various side effects after the transfusion, from a blood preparation for blood transfusion but also 
removing leukocyte in the extracorporeal circulation therapy of an autoimmune disease. The extracorporeal circulation 

45 therapy of an autoimmune disease comprises continuously filtering the body fluid of a patient, which is the leukocyte- 
containing solution, in the filter apparatus for removing leukocyte of this invention and returning the recovered solution 
into the body, thereby removing leukocyte from the body fluid. 

As described above, the leukocyte-removing filter material of this invention is very high in affinity with leukocyte, so 
that it is possible to treat the leukocyte-containing solution with a good efficiency without lowering the treatment rate. 

so This invention is explained in more detail below based on Examples; however, the scope of this invention should 
not be construed to be limited to these Examples. 

Example 1 

55 The preparation of very fine fibers was carried out by the following method. Cuprammonium rayon yams having a 
fiber diameter of about 10 um (Benberg R yarns of 40 d/45 f manufactured by Asahi Kasei Kogyo K. K.) were used as 
cleavable fibers and cut to a fiber length of about 3 mm. They were immersed in 3% by weight aqueous sulfuric acid 
solution and subjected to acid treatment at 70°C for 30 minutes with slowly stirring at 60 rpm. The sulfuric acid was 
washed away with pure water and then 1 .5 g of the fibers obtained were dispersed in 1 L of pure water and then violently 
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stirred al 10 000 rpm for 30 minutes using a homogenizer to prepare extremely f ine fibers. 

As a porous element which was the base material, there was used a nonwoven fabric made of a polyester having 
an averagefiber diameter of 1.2 urn prepared by a melt-Wow method and coated with a copolymer <*™^« * 
hydroxydhyl methacrylate and N,N<Jimethylarrunoethyl methacrylate (referred to heremafter as DM) (the DM content 
mfteapo*mer was 3 mole %). Speaking in more detail, the above nonwoven fabnc made of the polyester was 
mmers^ai 40-C fori minute in a O^ettenoBc solution of me abwe copolymer and thereafter the e^ 
ymer solution was removed by light squeezing, after which the nonwoven fabric was packed in an exdus^eve^e! and 
dried while nitrogen was fed thereinto. The porous diameter had an average pore diameter of 9.2 urn. a thickness til 02 
mma bulk density of 0.2 g/cm 3 and a basis weight of 40 g/nf. The measurement of the average pore diameter was 
effected using PORE SIZER 9320 (Shimadzu Corp.) in a pressure range of from 1 psia to 2.650 psia. and the average 
pore diameter was determined to be a fine pore diameter corresponding to an amount of mercury P^*?* 
obtained under the conditions that the amount of mercury pressurized at a mercury*res*nz.ng P r f*f« °" P* a ^ 
0% and the amount of mercury pressurized at a mercury-pressurizing pressure of 650 psa was 1 00%^ The above 
porous element was cut to a true circle having a diameter of 15 cm and this was arranged on the base of a magnetic 
Snnel having a diameter of 15 cm. after which pure water was stored until a height of about 1 cm from the surface of 
the porous element. Thereinto was gently poured 50 mL of an aqueous dispersion of the extremely fine f tors (fiber con- 
cenEation: 0.1 gA.) and slowly stirred. Thereafter, the water was discharged at one timetrom the base of thermgnetc 
"nne. to keep £e extremely fine fibers on the porous element and the fibers were d "^ u ^.^ uma ^° C 
hours to obtain a filter material. This operation was repeated twice to prepare a filter matenal .n wh.ch extremely fine 
fibers are kept on both surfaces of the front and back sides of the porous element t ^ rtiam 
The average fiber diameter of the fiber structure kept on the porous element was 0.29 urn. The averagefibe diam- 
eter was determined by taking an electron micrograph of the filter material obtained using a scanning type Jecfron 
microscope (S-2460N manufactured by Hitachi Ltd.). selecting extremely fine fibers at r^dc^ measur|ng the f.ber 
diameters at 100 or more points and calculating the number average value thereof. Accordingly, the rat.o between the 
average pore diameter of the porous element and the averagefiber diameter of ^ r f^ 6b ^^f^l 
ratio between the average fiber diameter of the porous element and the average fiber diameter of the fiber structure 

Moreover, the porosity of the filter material was 85%. the keeping proportion of the fiber structure to the filter mate- 
rial was ™% by weight, ihe measurement of porosrty was as follows: The dry weight (Wi) of 
a circle of 25 mm in diameter was measured, the thickness thereof was further measured us«ig PEACOK to calculate 
the volume (V). This filter material was immersed in pure water and subjected to deaeraton while rnAtodrth an 
ultrasonic wave for about 30 seconds, after which the w ^m^^<o^m^J^^'^^ 
From these values, the porosity was determined according to the calculation equation shown below, ^odenta lly. in the 
following equation, pis the density of pure water and in the present experiment 1.0 g/cm 3 was substtuted therefor. 

Porosity (%) = (W 2 - W n ) x p x 100/V. 

The measurement of the keeping proportion of extremely fine fibers was carried out by the method shown ' belw^That 
is to say. three sheets of afilter material cut to a circle of 25 mm in diameter were .mmersed in 5 mL ol i a so utnn .pre- 
pared by dissolving 50 mg of cellidase (manufactured by Wako Pure Chemical Industries. Ltd.) in 100 mL of a 0.1 
mole/L acetic acid buffer solution (pH: 4.8) and gradually shaken at 50'C for 24 hours to 

fibers into glucose which was extracted. The decomposed and extracted glucose was subjected to quantitative deter- 
mination using glucose CII-TESTWAKO (manufactured by Wako Pure Chemical Industries Ud.) ^ wasag^cose 
determining reagent, and from the amount of glucose, the keeping proportion of the extremely fine fibers introduced into 

<s the porous element was calculated. . _, . . „ 

A laminate (2.6 g) of 7 sheets of the filter material prepared as mentioned above was packed in a vessel having an 
effective sectional area of filtering portion of 9.0 cm* (3.0 cm x 3.0 cm) so that the packing densrty became 051 Jcrf 
to prepare a filter apparatus for removing leukocyte. The total volume of the filter matenal was 1 56 cm To 400 mL of 
WoodWere added 56 mLof a CPD solution (composition: 26.3 g/L of sodium citrate. 357 crtr.c aad. 2350 g/Lof 
glucose and 2.51 g/L of sodium hydrogenphosphate dihydrate) to prepare 456 mLof whole Wood, and ^^Wood 
was centrifuged and thereafter platelet-rich plasma was removed, after which 95 mL of an MAP soluton (composaton. 
1 50 g/L of sodium citrate. 0.20 g/L of citric acid. 7.21 g/L of glucose. 0.94 g/L of sodium hydrogen-phosphate dihydrate. 
4 97 g/L of sodium chloride. 0.14 g/L of adenine and 14.57 g/l of mannitol) was added to prepareroncerrtra^eryth- 
rocyte (RC-MAP). Fifty grams of the concentrated erythrocyte (RC-MAP. hematocrit: 64% number of e^cytes^ 
3 425 cells/uL) which had been stored at 4»C for 8 days was filtered through the abwe-mentonedf flter apparafcs itor 
removing leukocyte. The temperature of the concentrated erythrocyte just before the starting of filtration was 10 C. The 
filtration of the concentrated erythrocyte in the above filter apparatus was carried out at a falling d^nceoflj) m until 
the presence of the concentrated erythrocyte in the Wood bag became not confirmed, to recover the blood (the recov- 
ered concentrated erythrocyte is referred to hereinafter as the recovered liquid). The average treating rate in the filtra- 
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tion of the concentrated erythrocyte was 1 1 .6 g/min. 

The volumes of the concentrated erythrocyte before filtration (referred to hereinafter as the liquid before f fltration) 
and the recovered liquid and the number of leukocytes were measured and the proportion of the residual leukocyte was 
determined. 

5 

Proportion of the residual leukocyte = (number 
of leukocytes in the recovered liquid)/(number of leukocytes in the liquid before filtration) 

7a Incidentally, the volumes of the liquid before filtration and the recovered liquid were values obtained by dividing the 
respective weights by the specific gravity of the blood preparation (1.075). The leukocyte concentration in the liquid 
before filtration was measured by injecting the liquid before filtration diluted 1 0 times with a Turk's reagent into a BOrker- 
Turk hemocytometer and counting the number of leukocytes using an optical microscope. Also, the measurement of the 
leukocyte concentration in the recovered liquid was carried out by the method shown below. The recovered liquid was 

is diluted to 5 times with a LEUCOPLATE solution (manufactured by SOBIODA Company). The diluted liquid was well 
mixed and thereafter allowed to stand at room temperature for 6 to 10 minutes. This was centrrfuged at 2,750 x g for 6 
minutes and the supernatant was removed to adjust the amount of the liquid to 1.02 g. This sample liquid was well 
mixed and thereafter injected into a Nageotte hemocytometer and counting the number of leukocytes using an optical 
microscope, thereby determining the leukocyte concentration. From the above results, it was found that the proportion 

20 of the residual leukocyte was 10" 2 * 71 . 

Comparative Example 1 

A laminate (0.29 g) of 8 sheets of only the same porous element as sued in Example 1 (average fiber diameter: 1 2. 

25 pm, average pore diameter: 9.2 \ im) was packed in a vessel having an effective sectional area of filtering portion of 9.0 
cm 2 (3.0 cm x3.0 cm) so that the packing density became 0.20 g/cm 3 to prepare a filter apparatus for removing leuko- 
cyte. The porosity of the above porous element was 86% and the volume thereof was 1 .44 cm 3 . Using this filter appa- 
ratus. 50 g of the same concentrated erythrocyte liquid as in Example 1 was filtered in the same manner as in Example 
1. The temperature of the concentrated erythrocyte just before the starting of filtration was 10°C. From the above 

30 results, it was found that the average treating rate was 1 3.2 g/min and the proportion of the residual leukocyte was 1 0* 



Comparative Example 2 

A nonwoven fabric made of polyethylene having an average fiber diameter of 0.6 urn prepared by a flash-spinning 
process was f reeze-crushed using a liquefied nitrogen to obtain a small f ber mass having a longer diameter of less than 
1 mm. In 5 L of a 1% by weight ethanolic Tween R 20 solution were dispersed 0.1 g of the above small fiber mass and 
1.5 g i off fibers prepared by cutting long fibers made of a polyester having an average fiber diameter of 12. pm to a 5- 
mm fiber length. This dispersion was poured into a magnetic funnel, on the base of which a mesh of an open pore diam- 
eter of 200 pm was arranged, and then the ethanol was at one time discharged to obtain a filter having a basis weight 
of 50 g/m 2 . 

LeukoNet* which was a leukocyte-removing filter manufactured by HEMASURE Company was disjointed and a fil- 
ter material was taken out. This filter material was a nonwoven fabric-like filter material made of a mixture of fibers hav- 
ing different fiber diameters in which the average fiber diameter of the extremely fine fibers was 0.5 jun; the average 
fiber diameter of the base materia! was 7.8 urn; the ratio between the average f ber diameter of the base material and 
the average fiber diameter of the extremely fine fiber was 15.6; and the porosity of the filter material was 92%. As a 
result of observation through an electron microscope, the above-mentioned two kinds of filter materials were similar in 
structure and both did not form a reticulate structure. An electron micrograph of the latter filter material is shown in Fig. 
3. Among the above two kinds of filter materials, one sheet (0.20 g) of the latter filter material was packed in a vessel 
having an effective sectional area of filtering portion of 9.0 cm 3 (3.0 cm x 3.0 cm) so that the packing density became 
0.13 g/cm to prepare a leukocyte-removing filter material. The total volume of the filter material was 1.53 cm 3 . Using 
this filter apparatus, 50 g of the same concentrated erythrocyte as in Example 1 was filtered in the same manner as in 
Example 1 . The temperature of the concentrated erythrocyte just before the f atration was 1 0°C. From the above results, 
it was found that the average treating rate was 9.5 g/min and the proportion of the residual leukocyte was 10" 0 - 68 . 

Example 1 . Comparative Example 1 and Comparative Example 2 are comparisons of the effect of introducing fibers 
having an average fiber diameter of not less than 0.01 urn but less than 1.0 jim and the effect of reticulate structure of 
the said fibers. Also, it is often observed in the case of the conventional fiberlike leukocyte-removing filter material that 
leukocytes are captured in the state that they contact with the f foers at about 1 to 3 points; however, it is relatively often 
observed in the case of the filter material of this invention that leukocytes are captured in the state that they contact with 
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the ftoers at so many points as 3 or more points. 



to 



15 



Example 2 

-me abovefibers prepared in the same manner as in Example 1 were kept in the same manner asin &<ample1 « 
-me aoove imers P r ^°'~ p vamri i a to nreoare a filter material in which extremely fine fibers were kept on 

h*'^ ot^^^S^^9^ rrr toe^stio^3©^tw^Benthe avensfge^pore diameter of the porous element and the average f toer diameter 
diameter of 0.25 ».m h ntf £ betweenl MMnVP ^ ^ e|ement and ^ ^ 

was 10" 2 - 97 . 
so Example 3 

«n«r structure was 460 the ratio between the average fiber diameter of the porous element and the average toer enam 
eToftS^ 

(3 0 cm x3 0 V^SS^SS^ became 0.21 g/cm* to prepare a filter apparatus for rerr^-ngjeu^ 



25 



30 



40 



45 



was icr 2 - 80 . 
so Example 4 



£5 



To a high pressure liquid treatment was subjected a filter material in which «» «™h ^nrfTvXS. to 
both surfaces of the front and back sides of a porous element which filter matenal had been oMw«lbr » 
Sfs^me ^ration as in Example 1 the same porous element as used in Example 1 ^^^^Xal 
bTcXg^prammonium rayon yarn (Benberg" yarn of 40 d/45 f manufactured £2£SI 
ftoerdiameter of about 1 0 urn so that the fiber length became about 0^^^^^ ei ^J^^^ 
ISona^^nDtel That is to say the above filter material was subjected to columnar stream treatment 1 5 kg/cm*) 
2^Z^^^****~0* mm. the nozzle pit* was 5 mm. the "umber of ^™«~ 
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moving speed of filter material was 5 m/min to prepare a filter material. As a result of observation through an electron 
microscope, this filter material formed a reticulate structure. The average fiber diameter of the extremely fine fibers was 
0.23 urn. the ratio between the average pore diameter of the porous element and the average fber diameter of the 
extremely fine fibers was 40.0. the ratio between the average fiber diameter of the porous element and the averaaefiber 
diameter of the extremely fine fibers was 5.2, the porosity of the filter material gas 82% and the keeping proportion of 
the fiber structure to the filter material was 10.3% by weight «p°roon or 

« 0 33 Vl th ® 1ilter "K**** ^ Packed in a vessel having an effective sectional area of filtering portion of 9 0 cm 2 

£ f f * e P 30 *" 9 density bec T e 0 26 9/01113 10 P fe P are a filter apparatus for removing leukocyte 

The total volume of the fitter material was 1.26 cm 3 . Using this filter apparatus, the same concentrated erythrocyte as 
m Example 2(RC-MAR hematocrit: 62%. number of leukocytes: 3.785 cells/ M L) was filtered in the same manner as in 
Example i. The temperature of the concentrated erythrocyte just before the starting of filtration was 10°C From the 
above results, it was found that the average treating speed was 6.7 g/min and the proportion of the residual leukocyte 

Comparative Example 3 

The same porous element as used in Example 1 was cut to a size of 25 cm x 35 cm. immersed in 375 mL of a cul- 
ture medium having an acetic acid bacterium concentration of 164 cells/mL and subjected in this state to stationary cul- 
ture at 28°Cfor 2 hours. After completion of the stationary culture, washing with a water stream was effected to remove 
the acetic acid bacterium. By the above-mentioned production process, there was obtained a fitter material in which a 
reticulate structure composed of cellulose fibers produced by the acetic acid bacterium having an average fber diame- 
ter of0.02 urn were kept on the surface of one side of the porous element. The acetic acid bacterium used and the com- 
position of thetutture medium were the same as in Example 3. The average fiber diameter of the extremely fine fiber 
stnicturawas 0.02 urn, the ratio between the average pore diameter of the porous element to the average fiber diameter 
of the extremely fine fiber structure was 460. the ratio between the average fiber diameter of the porous element and 
the average fiber diameter of the extremely fine fiber structure was 60. the porosity of the filter material was 85% and 
tne keeping proportion of the extremely fine fiber structure to the filter material was 0.005% by weight 

n °' 26 VH ' ilt6r materia ' in a vessel navi " 9 an effective sectional area of filtering portion of 9 0 cm 2 

(£0 cm x 3.0 cm) so that the packing density became 0.21 g/cm 3 to prepare a filter apparatus for removing leukocyte 
The volume of thefitter i rnatenal was 1.26 cm 3 . Using thisfilter apparatus. 50 g of the same concentrated erythrocyte 
as .n Example 2 (RC-MAP. hematocrit: 62%. number of leukocytes: 3.785 cells/uL) was filtered in the same manner as 
in Example T. The temperature of the concentrated erythrocyte just before the staring of filtration was 10»C From the 
above results, it was found that the average treating rate was 10.2 g/min and the proportion of the residual leukocyte 

WHS 10 . 

Comparative Example 4 

Extremely fine fibers prepared in the same manner as in Example 1 and the same porous element as used in 
Example i were subjected to the same operation as in Example 1 to obtain a filter material in which the extremely fine 
fibers were kept on both surfaces of the from and back sides of the porous element. Such a filter material was prepared 
that the average f .ber diameter of the extremely fine fibers was 0.25 urn. the ratio between the average pore diameter 
of the porous element and the average fiber diameter of the extremely fine fber structure was 36.8. the ratio between 
the averagefiber diameter of the porous element and the average fiber diameter of the extremelyfine structure was4 8 
the porosity of thefdter material was 48% and the keeping proportion of the fber structure to thefitter material was 59% 

Dy WGIQnt. 

n n ™^^!IiV i "T T ! a l e^ia, ^ ***** in 8 V6Ssel havin9 an , effective area of filtering portion of 9.0 cm 2 

t£ £Lf ? * 9 d6nSity beca , me 0 72 t0 P fe P are a fi,ter apparatus for removing leukocyte. 

MAP^L^ ST dter K mat r i ial 1 ** Cm • USinfl thiS f itter apparatus ' 50 9 of ^entrated erythrocyte (RC- 
MAP. hematocnt: 62% number of leukocytes: 3.785 cells/uL) was filtered in the same manner as in Example 1 . How- 
ever, the fitter rnatenal caused clogging soon and the concentrated erythrocyte did not flow at all. The temperature of 
the concentrated erythrocyte just before the starting of filtration was 10°C. 

Comparative Example 5 

rfiam ^!^ n i^ Tay0n Vam (Benber9R y^n of 40 d/45 f manufactured by Asahi Kasei Kbgyo K. K.) having a fiber 
t ^2 of about 10 ^m was art so that the fiber length became about 5 mm and extremely fine f bers were prepared 
fS°T 9 J* ^ration of Example 1. The treatment in a homogenizer was effected at 10.000 rpm for 5 minutes. 
Using the extremely fine fibers prepared, a nonwoven fabric made of a polyester having an average fiber diameter of 
1 Z urn and an average pore diameter of 1 .6 ^m prepared by a melt-blow method, as a porous element was subjected 
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to coating treatment using a 0.2% ethanolic solution of a copolymer consisting of 2-hydroxyethyl melhacrylate and N£ 
SrSSeL melhacrylate (the DM content in the copolymer was 3 mole%) in the same manner as in i Example 
?SrS-^nSnat110-C. Using this porous elemem. a fitter material in wh.ch the extremely fee fibers 
i^kS on boTSSc^the front and back sides of the porous element was obtained in the same manner £ 
, IxamoT 1 TheTtoS structure kept on the porous element formed a reticulate structure. Such a f .Iter matenal was pre- 
SreSa the avSgeW d,a7eter of theiiber structure was 0.93 ^m. the ratio between the average pore diameter 
rtTen^eTJSrttoe avera gefibero1ameter of the fiber structure was1.7.the ratio between the ^ 

TmfpSs^ement and'the average fber diameter of the fiber structure was 1 Z .the ^porosrty of the f .Iter 

0 78 a of this filter material was packed in a vessel having an effective sectional area of f .Itenng portion of ^Ocrrr* 
(3 0 cm x 3,0 eS sc Me pacWnTdensity became 0.62 g/cm 3 to prepare a filter apparatus for ^<*J»*^ 
Se^vtSoTSmer rnateriaT was 1-26 cm*. Using this fitter apparatus. 50 g of concer^ted er^rocy^e (RC- 
MAP^mmccrit- 62%. number of leukocytes: 3.785 eel IsAiL) was filtered in the same manner as ,n Example VHow- 
^Se^Scaused doggingloon and the concentrated erythrocyte did not flow at a... The temperature of 
is the concentrated erythrocyte just before the starting of filtration was 10°C. 

Comparative Example 6 

A oorous element prepared by subjecting a spunbonded nonwoven fabric made of a polyester having an average 
f iber dSZer * 2 ElZTan average pore diameter of 85 nm to coating treatment with a OK 
SlXT™*** of 2-hydroxyethy. methacryiate and •W*-*"^^ 

tent £the copolymer was 3 mole %) in the same manner as in Example 1 . was cut to a size of 25 cm x 35 wunmmj 
n 375 mL^f a cutture medium having an acetic acid bacterium concentration of 112 cells/mU and subjected m this 
slate to ^£^SKTJSc fcr 1 0 hours. During the stationary culture, the porous element 

mSL^dd I tecterium Accordng to the above production process, there was obtained a filter matenal «n which a f toer 

having an average fiber diameter of 0.02 pm produced bythe acetic ^c* tec*. 
Snfwas So^he surfaces of the front and back sides of the porous element The acetcac.dtecter.ua .used and 
^c££oXndf the culture medium used were the same as in Example 3. The average fber diameter oMhefibtr 
?ucTuXas?02^me 

2 ^ tS^'sTrurture was 4 250, the ratio between the average fiber diameter of the porous element and the aver- 
age Sir ^S^eTber sScture was 1.250. the porosity of the porous element was 85% and the keep.ng 

proportion of the fiber structure to the filter material was 0.01% by weight ...... ^^pDcrf 

0 26 g of this filter material was packed in a vessel having an effective sectional area of filtering portion of O0c£ 
(30 cm x 30 cm) sothatthe racking deTetty became 0.21 g/cm 3 to prepare a filter apparatus for removing leukocyte. 
£e rJv^uSoTthX Sterial was 1*26 cm 3 Using this fitter apparatus, in the*™ ^JV^TKi 
S g of the same concentrated erythrocyte as in Example 2 (RC-MAP. hematoart: « 

cells/uU was filtered The terrperature of the concentrated erythrocyte |ust before the starting of filtration was 10 u 
S^TS?!S^ that the average treating rate was 25.2 g/min and the proportion of the residua. 
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Bwnrtas 2 to 4 and Comparative Examples 3 to 6 are comparisons of the keeping proportion of fibers having an 
averaSlfdfamet^ nSless than 0.01^1 but less than 1 .0 urn to the fitter material, the ratio between the average 

p^edar^^ 

age fiber diameter of the porous element and the average fiber diameter of the fiber structure. 
Example 5 

Extremely fine fbers prepared in the same manner as in Example 1 and a continuous porous element made of a 
po*n£?hX an averse pore diameter ^mm^^^mt^m^lotm^J^ 
^i^Examole 1 to obtain a filter material in which the extremely fine fibers were kept on both surfaces on the front and 

the average pore diameter of the porous element and the average fiber diameter of the fber structure was 3QA tne 
P^ o? «Tf tor material «as 87% and the keeping proportion of the fiber structure to the fitter matenal was 1 .3% 

* "Eft of thisfitter mater*, was packed in a vessel having an effective sectional area ^Herir^ portion of 9 W 
(3.0 cm x 3.0 cm) so that the packing density became 0.21 gfcm 3 to prepare a f Bter ^^^^2^Tm'- 
The total volume of the fitter material was 1 .08 cm 3 . Using this fitter apparatus. 50 gj ^JJJ^SJS in 
MAP. hematocrit: 62%. number of leukocytes: 4.125 cells/uL) which had been stored at 4°C for 8 ^ was ^filtered m 
the same manner asin Example 1. The temperature of the concentrated erythrocyte ,ust before the starting of filtration 
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was 10»C. From the above results, it was found that the average treating rate was 14.6 g/min and the proportion of the 
residual leukocyte was 10* Z B3 . 

Example 6 

The same porous element as used in Example 1 was cut to a size of 25 cm x 35 cm, immersed in 375 mL of a cul- 
ture medium having an acetic acid bacterium concentration of 183 cells/mL and subjected in this slate to stationary cul- 
ture at 28°C for 14 hours. During the stationary culture, the porous element was turned upside down every two hours 
After completion of the stationary culture, washing with a water stream was effected to remove the acetic acid bacte- 
rium. According to the above-mentioned production process, there was obtained a filter material ni which a reticulate 
fiber structure composed of cellulose fibers produced by the acetic acid bacterium having an average f ber diameter of 
0.02 urn were kept on the surfaces on the front and back sides of the porous element The acetic acid bacterium used 
and the composition of the culture medium used were the same as in Example 3. The average fiber diameter of the fiber 
structure was 0.02 jim, the ratio between the average pore diameter of the porous element and the average fiber diam- 
eter of the fiber structure was 460. the ratio between the average fiber diameter of the porous element and the average 
fiber diameter of the fiber structure was 60. the porosity of the filter material was 85% and the keeping proportion of the 
fiber structure to the filter material was 0.06% by weight. 

0.30 g of this filter material was packed in a vessel having an effective sectional area of filtering portion of 9 0 cm 2 
(ZX) cm x 3.0 cm) so that the packing density became 0.21 g/cm 3 to prepare a filter apparatus for removing leukocyte. 
The total volume of the filter material was 1 .44 cm 3 . Using this filter apparatus, 50 g of the same concentrated erythro- 
cyte as in Example 5 (RC-MAP. hematocrit: 62%, number of leukocytes: 4,125 cells/,iL) was tittered in the same manner 
as in Example 1. The temperature of the concentrated erythrocyte just before the starting of filtration was 10«C From 
the above results, it was found that the average treating rate was 1 1 .2 g/min and the proportion of the residual leukocyte 
was 10 x . 

Comparative Example 7 

The same porous element as used in Example 1 was cut to a size of 25 cm x 35 cm. immersed in 500 mL of a cul- 
ture medium having an acetic acid bacterium concentration of 465 cells/mL and subjected in this state to stationary cul- 
ture at 28°C for 1 0 hours. After completion of the stationary culture, washing with a water stream was effected to remove 
the acetic acid bacterium. According to the above-mentioned production process, there was obtained a filter material 
which was a composite of the porous element with the bacterial cellulose membrane. The acetic acid bacterium used 
and the composition of the culture medium used were the same as in Example 3. The average fiber diameter of the fib- 
ers forming the bacterial cellulose membrane was 0.02 urn, the ratio between the average pore diameter of the porous 
element to the average fiber diameter of the fiber structure was 460. the ratio between the average fiber diameter of the 
porous element and the average fiber diameter of the f ber structure was 60. the porosity of the filter material was 85% 
and the keeping proportion of the fiber structure to the fitter material was 50.3% by weight 

0.67 g of this fitter material was packed in a vessel having an effective sectional area of filtering portion of 9 0 cm 2 
(£0 cm x 3.0 cm) so that the packing density became 0.40 g/cm 3 to prepare a filter apparatus for removing leukocyte. 
The total volume of the fitter material was 1.68 cm 3 . Using this filter apparatus. 50 g of the same concentrated erythro- 
cyte as in Example 5 (RC-MAP. hematocrit: 62%. number of leukocytes: 4,125 cells/uL) was filtered in the same manner 
as in Example 1 . However, the filter material caused clogging soon and the concentrated erythrocyte did not flow at all 
The temperature of the concentrated erythrocyte just before the starting of filtration was 10°C. 

45 Example 7 

To the same operation as in Example 1 were subjected extremely fine fibers prepared in the same manner as in 
Example 1 and a nonwoven fabric made of a polyester having an average fiber diameter of 1.2 ^m and an average pore 
diameter of 9.2 urn prepared by a melt-blow method to obtain a filter material in which the extremely fine fibers were 
kept on both surfaces on the front and back sides of a porous element. The average fiber diameter of the extremely fine 
f ibers was 0.29 urn. the ratio between the average pore diameter of the porous element and the average f ber diameter 
of the fiber structure was 31 .7. the ratio between the average fiber diameter of the porous element and the average fiber 
cterroterof the ftoer structure was4.1. the porosity of the filter material was 85% and the keeping proportion of the fiber 
structure to the fitter material was 1 .2% by weight. 

On the upper stream side of 1 .8 g of this fitter material were arranged 0.63 g of a nonwoven fabric made of a poly- 
ester having an average fiber diameter of 19 urn and a basis weight of 70 g/m 2 . 0.27 g of a nonwoven fabric made of a 
polyester having an average fiber diameter of 12 urn and a basis weight of 30 g/m 2 and 0.59 g of a nonwoven fabric 
made of a polyester having an average fiber diameter of 1 .7 urn and a basis weight of 66 g/m 2 and they were packed 
in a vessel havmg an effective sectional area of filtering portion of 45 cm 2 (6.7 cm x 6.7 cm) so that the packing density 
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^0.23^3 -"^vessel wa S £^ 

sisting of 2-hydroxyethyl methacrylate and N N^nielriylamnoetW ^ a ^Vn r ecvded fa 1 5 hours, after which 
JL 3 solution. Vacuun, 

nitrogen was '"troduced f £*T "™ afnter app^s for removing leukocyte, 
drying was further effected at ^J^^^^ .^eWood (hematocrit: »%, number of leukocytes: 
Using thisfitter •PP*J« 51 | J£ J SS^Om^^t^^^^ M ^ tl ^ cl19 - 
4.865 cells/uL) was filtered The emperatureof the , CPD J""™" connected to a Wood bag containing the CPD- 
tration was 25°C. When the f iltraton ^ s h ^^ e J^^*XTpr^re of 100 mmHg was applied to the 
added fresh human whole Hood (through, ^ e ^ { ^^^MB(^^ed^^^o\e^.^ 
«°**9usingaP = 

=u=^^ 

leukocyte was 10" 3 99 and the recovery of erythrocyte was 93.8%. 
Comparative Example 8 

density was adjusted to 0.26 g/cm 3 . Example 7 was treated in the same 

the loss of erythrocyte was reduced about 40%. 
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5.260 MMtU-HchMd bsen aorMat 4-0 to. J»®^X^^^^ e SSt«»"«» From 

was 10* 4 02 and the recovery of erythrocyte was 94.3%. 
Comparative Example 9 

a- 94 , and the recovery of erythrocyte was 89.2%. ^ c «n«Jo ft was about 1/3 of that of the main filter 

Though the amount of the filter material in the fitter apparatus oi ^^^ S ^^^ ve Example 9. it 
materia. (Ster material having an average fiber diameter of 12 ^ ^^S^S^SmJmSSm^ 
can be seen that the leukocyte-removing performance and the average frea^g rate «nme tiner appar 
£were at least equivalent and in addition, the loss of erythrocyte was reduced about 50%. 
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Example 9 



15 



On the upper stream side of 0.32 g of the same filter material of this invention as in Example 7 were arranged 0 1 3 
!l2 * JESEI^TS? 1 8 ^' ye f r haVin9 8n * V6ra9e ftoer diameter 01 19 a *Tbasis weight of 70 0rrl 

\ .L «u ^ r8pa a vessel hav,n9 80 effect,Ve sectional area of filtering portion of 9 cm 2 (3 0 ornxS 0 
S,^, a i t e Sf ckin9d , ensity 6603,1,6 021 lnt0 thisvessel — P° ured «i! 
SwS^nf^'r 6 ' C ° mp ° Sed of ^roxyethyl methacrylate and N.N^methylaminoeS5 manage 

cHbM e S L?fc^ nt ^ P °S ffT,er ^ 3 m0 ' e%) Whil6the ethanolic "**» was - W and C 

cledfor 1 Sm.nutes. after which nitrogen was introduced at a flow rate of 1.5 L7min into the vessel to remove the exces- 

E££ZXZ££ addifca * effecfing racuum dryin9 at 4000 for 16 ^ a 

aJ^SSHZ 'wT 9 ° f P ' a,6let concertrate fr^** of Platelets: 9.9 x 10 5 cells/uL. number of leuko- 

nS : ^ ,Ch had been St ° red at room temperature for 4 days with gentle shaking was filtered The tenv 

P , ^ , P ' atelet concentrate i ust «"e starting of filtration was 23'C. The platelet concentrate was treated 
at a falling d.stance of 1.0 m and the fixation was effected until the presence of the platelet con^e i^tne 

hL S "° ^ * e ,i,tered b,0Od W8S recwered " ^ ,eutoc ^ concentration of the liquSe fS 

♦ ^' njeCt,n9 'I 6 NqUid bef ° re fiHra,i ° n di,Uted 10 times with a Tu * s «0«« into a BOrKer-TunT^ 
*> cl^TTJ l an t C T Xm9 *• nUmb6r 01 ,6UtoCy,es thr0U9h an °P tical •"•oroscope to determine the leukocyte cSn 
5?S^^ EES' COnC r f . tration in *• recovered ■**» determined by concentrating the recovered Vqu^to 

£Z ^ SUS 2' C r fr,fU9a ' ° Perati0n (8 °° G X 10 minutes) - dyein ° the ,eutoc V tes ^ h an acridine orange 
solution and then counting them using a Neubauer hemocytometer. The platelet concentration was measured bv an 

founrtT^^r 0 ^ 0 ^^" 16 " IMa0 ° <™^«» °y Toa lyo Denshi K. K.). From the ^vT esu f rt wS 
Comparative Example 10 

no rJi2S?i o 8 nonwoven Jf/ ic made of a Po 1 ^ having an average fiber diameter of 1 .2 urn and an average 
Using this fitter apparatus, the same platelet concentrate as in Example 9 was treated in the same manner as in 

MW apostate ,n ExairpttSwere at least aquhaent. and in addaion. the loss of»*|»ataletvJWo3aSJ«!! 
Example 10 

h^i^!T' y fine 4 f ^ r s prepared in the same manner as in Example 1 and a nonwoven fabric made of a polyester 

ba* sTcSfJ^^ operations .n Example 1 to prepare a filter material kept on both surfaces on the front and 

1 P ^° US element 1116 avera 9 e fiber diamete ' °< *He extremely fine fibers was 0 19 urn the ratio 

SsTSe ISTST T 01 thS P" 0 - eiemerA «« the *•«■• '^diameter of the f ber wat 

46.4 the ratio between the average fiber diameter of the porous element and the average fiber diameter oHn fiber 

Sei^*^ 

vester^av^rlci^n avp^^i^ft f 6 of 3.96 g of this filter material were arranged 1 .35 g of a nonwoven fabric made of a pol* 
yester having an average fiber diameter of 33 urn and a basis weight ofSOg/m 2 , 0.81 g of a nonwoven fabric madeof 
ZEE-. a^ average fiber diameter of 12 „m and a basis weight o7 3 0 g/m 2 and 0.59 g cTa^wov^rS 
made of a polyester having an average fiber diameter of 1 .7 ^m and a basis weight of 66 g/rrr* and they ^we^aS 

SnViS^X by ^ ^ ^ ^ treatment 88 in Examp,e 7 ' a fi «- 2 

4 93^ SL^/lT^^ !f 5 i. 0f T^*^ (RC-MAP. hematoait: 63%. number of leukocytes: 

4.935 ceHs/nL) which had been stored at 4°C for 7 days, was filtered. The temperature of the concentrated erythrocyte 
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just before the starting of filtration was 12-C. When the Mon was started, the ™era^tuswas 
Wood bag containing the concentrated erythrocyte through the Wood circuit, and thereafter, a P^erfir^rr^Hg 
^apprfed to tt,e Wood bag using a pressuring 

AfterttSfBter apparatus had been fined wHh the concentrated erythrocyte as mentioned above^e concenta ed eryth- 
rSewas treated at a falling distance of 1 .0 m and filtration was effected until the presence of the concerned eryth- 
£yte £to Wood bag was not confirmed, and the f fltered Wood was recovered. From the above results rt was found 
S average treating rate was 1 6.6 g/rrdn and the proportion of the residual leukocyte was 10 559 or less. 

Comparative Example 1 1 

In Example 10. a nonwoven fabric made of a polyester having an average fiber diameter of l f 1™** «n« WW 
core diameter of 9 2 urn prepared by a melt-Wow method was packed in place of the fitter material of th.s invention and 
SSfo ^e^same^Streatment as in Example 10 to prepare afilter apparatus. Incidentally, the pacing densjy 
wfsSSSl to ?22 casing this fitter apparatus. 325 g of the same concentrated erythrocyte as in Examp le ,10 
(RC-MAP, hernatocrit:63%. number of leukocytes: 4,935 cells/uL) was tittered m the same manner as m ^plelO at 
a falling distance of 1 .0 m. As a result, it was found that the average treating rate was 1 5.8 g/rrun and the proportion of 

the same it can be seen that in the case of the filter apparatus in Example 10. the leukocyte-removing performance 
20 was extremely high as compared with the fitter apparatus in Comparative Example 1 1 . 

Example 1 1 

On the upper stream side of 1 .3 g of the same filter material of this invention as in Example 10 were «"Wd tJ« 
2S g of a nonwoven fabric made of a polyester having an average fiber diameter of 33 urn and a basis we^ht of 50 g/ntS 
S.61 g of a nonwoven fabric made of a polyester having an average fiber diameter of 12 pm and a basis weight of 30 
o/m 2 and 0 59 g of a nonwoven fabric made of a polyester having an average fiber diameter of 1 .7 urn and a basis 
weiaht of 66 a/m 2 and they were packed in a vessel having an effective sectional area of filtering portion of 45 cm (6.7 
cm x 6? Srfso t£t *e ricking density became 0.22 g/cm* and then subjected to the same coating treatment as in 

30 ^TKIS SttTa^ISS^ concentrate erythrocyte (RC-MAP. hematocrit: 62%. number 

6 335 ceHs/uL) which had been stored at4-C for 9 days wasfittered in the same manner as in J^"** 
dS.ce of 1.6 m at an average treating rate adjusted to 5.6 g/min. The temperature of the <^^ r ^T^ 
just before the starting of filtration was 12-C.From the above results, it was found that the proportion of the residual leu- 

35 kocyte was 1 0" 4 10 and the recovery of erythrocyte was 94.6%. 

Example 12 

Using the same filter apparatus as in Example 1 1 . the same concentrated erythrocyte as in Example 1 1 (RC-MAP. 
40 hematocrit: 62%. number of leukocytes: 6.335 cells/uL) was treated in the same manner as in Example " * ™ 
ageTe^ngrateo^ 
recovery of erythrocyte was 93.9%. 

Example 13 

On the upper stream side of 1 .3 g of the same fitter material of this invention as in Example 3 were arranged 1 1.35 
g of a nonwoven fabric made of a polyester having an average fber diameter of 33 urn and a basis ™fl M J*j*^ 
6.81 g of a nonwoven fabric made of a polyester having an average fber diameter of 12 urn and a basis weight of 30 
g/m 2 and 0.59 g of a nonwoven fabric made of a polyester having an average fiber d*meter of 1.7 um and I abas* 
so weight of 66 gAn 2 . and they were packed in a vessel having an effective sectional area of tatenng portion , of 45 cm (6.7 
cm x 6 7 cm) so that the packing density became 0.22 g/cm* and then subjected to the same coating treatment as in 

^^STotconcentrated erythrocyte (RC-MAP. hematocrit: 64%. number of leukocytes: 
3 387 cells/uL) which had been stored at 4°C for 10 days was tittered in the same manner as in Example 10 at a falling 
55 d stance of 1.0 m. The temperature of the concentrated erythrocyte just before the starting of Miration v«sJ2-C-Fram 
the above resutts. it was found that the average treating rate was 24.4 g/min. the proportion of the residual leukocyte 
was 10* 3 - 78 and the recovery of erythrocyte was 95.1% 
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Example 14 

THe same porous element as used in Example 1 was cut to a size of 25 cm x 35 cm. immersed in 375 mLofacd- 
ture medium having an acetic acid bacterium concentration of 498 cells/mL and subjected in this state to stationary cul- 
ture at 28°C for 14 hours. During the stationary culture, the porous element was turned upside down every two hours 
After completion of the stationary culture, washing with a water stream was effected to remove the acetic acid bad* 
num. According to the above-mentioned production process, there was obtained a filter material in which a reticulate 
structure composed of cellulose f bers produced by the acetic acid bacterium having an average fiber diameter of 0 02 
urn were kept on the surfaces on the front and back sides of the porous element The acetic acid bacterium used and 
the composition of the culture medium used were the same as in Example 3. The average fiber diameter of the fiber 
structure was 0.02 urn. the ratio between the average pore diameter of the porous element and the average fiber diam- 
eter of the fiber structure was 460. the ratio between the average fiber diameter of the porous element and the average 
fiber diameter of the fiber structure was 60. the porosity of the filter material was 85% and the keeping proportion of the 
fiber structure to the filter material was 0.12% by weight. 

On the upper stream side of 1 .3 g of this filter material were arranged 1 .35 g of a nonwoven fabric made of a poly- 
ester having an average fiber diameter of 33 jim and a basis weight of 50 g/cm 2 . 0.81 g of a nonwoven fabric made of 
a polyester having an average fiber diameter of 12 jim and a basis weight of 30 g/cm 2 and 0.59 g of a nonwoven fabric 
made of a polyester having an average fiber diameter of 1 .7 urn and a basis weight of 66 g/cm 2 and they were packed 
in a vessel having an effective sectional area of filtering portion of 45 cm 2 (6.7 cm x 6.7 cm) so that the packing density 
so became 0.22 g/cm 3 , and thereafter, subjected to the same coating treatment as in Example 10. to prepare a filter appa- 
ratus. Using this filter apparatus. 325 g of the same concentrated erythrocyte as in Example 13 (RC-MAP, hematocrit- 
64%. number of leukocytes: 3,387 cells/uL) was filtered in the same manner as in Example 10 at a falling distance of 
1.0 m. The temperature of the concentrated erythrocyte just before the starting of filtration was 12°C. From the above 
results, it was found that the average treating rate was 1 4.8 g/min. the proportion of the residual leukocyte was lO" 4 * 4 
ss and the recovery of erythrocyte was 94.2%. 

INDUSTRIAL APPLICABILITY 

The leutawyte-remcving filter material of this invention is useful as a filter material for use in transfusion of Wood 
30 components because it can remove leukocyte which becomes a cause for side effects with a high efficiency while main- 
taining a high recovery of useful blood components. 
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Claims 

35 1. 



40 



50 4. 



A leukocyte-rernovmg filter material which is composed of a porous element having an average pore diameter of 
not less than 1 .0 urn but less than 1 00 urn and a fiber structure having an average f ber diameter of not less than 
0.01 pm but less than 1.0 urn kept on the above porous element wherein the porosity of the filter material is not 
less than 50% but less than 95%. the keeping proportion of the f ber structure to the filter material is not less than 
0.01% by weight but less than 30% by weight, and the ratio between the average pore diameter of the porous ele- 
ment and the average fiber diameter of the fiber structure is not less than 2 but less than 2,000 and the f ber struc- 
ture forms a reticulate structure. 

2. The leukocyte-removing filter material according to Claim 1 , wherein the ratio of the average pore diameter of the 
above porous element to the average fiber diameter of the above fiber structure is not less than 10 but less than 
1*600. 

3- "me leukocyte-removing filter material according to Claim 1, wherein the keeping proportion of the above fiber 
structure to the above filter material is not less than 0.03% by weight but less than 10% by weight. 

The leukocyte-removing filter material according to Claim 1 , wherein each of the fibers constructing the above fiber 
structure is a single fiber. 



5. The leukocyte-removing filter material according to Claim 1 . wherein the average f ber diameter of the above fiber 
structure is not less than 0.01 urn but less than 0.8 jiim. 

6. ^eleukDcyte-removing filter material according to Claim 1, wherein the above fiber structure is kept on the whole 
of the above porous element. 

7. The leukocyte-removing filter material according to Claim 6. wherein the above fiber structure is substantially uni- 
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formly kept substantially on the whole of the above porous element. 

a. Theleukocyte^^ 

of one side of the above porous element. 

5 9. The leukocyte-removing filter rraten* according to Claim 7. herein the at^e fiber structure is substantially uni- 
formly kept on the surface. 

10. The leukocyte-removing filter material according to Claim 1. wherein the above fiber structure is kept on the sur- 
w faces on both sides of the above porous element 

11. The leukocyte-removing filter material according to Claim 9. wherein the above fiber structure is substantia.* uni- 
formly kept on the surfaces. 

* 1 2. Trie leukocyte-removing filter material according to Claim 1 . wherein the above porous element is a f bber congre- 

gatlon. 

20 1 .000. 

,4. The leukocyte-removing filter materia, according to Claim 13. wherein the above fiber congregation « a nonwoven 

fabric. 

* 15 . Theleukocyte-rernc^ 

16. The leukocyte-removing filter material according to Claim 1. wherein the above porous element is a spongy inter- 

connected porous material. 

30 17 .The.eukocyte-remov^ 

flow direction is not less than 0.1 mm but less than 30 mm. 

18. The leukocyte-removing filter material according to Claim 17. wherein the thickness of the above filter material in 
the flow direction is not less than 0.1 mm but less than 1 5 mm. 

35 19. The leutocyte-removing f ilter material according to Claim 1. wherein the above porous element and/or the above 
fiber structure is surface-modified. 

20. The leukocyte-removing filter material according to Claim 19. wherein the surface of the above porous etement 
4o and/or the above fiber structure is coated with a high polymer material. 

21. The leukocvte-removing fitter materia, according to Claim 20. wherein the surface of 
arXttiTabove fiber structure is coated with a high polymer material havmg a noroon*. hydroph.l,c group. 

«s 22. The leukocyte-removing filter material according to Claim 20 or 21. wherein the above ^ 

co^ymTcirnpri^ng a polymerize monomer having a basic nitrogen^orrta.n.ng funcbona. group ,n an amount 
of 0.1 to 20% as a monomer unit 

23. The teukocyte-removing filter material according to Claim 1. wherein the above reticulate structure is a uniform 
so reticulate structure. 

24. The leukocyte-removing filter materia, according to Ctaim 1 . obtained by dispersing , f be* having ^verage^er 
diameter of not less than 0.01 urn but .ess than 1 .0 urn in a dispersion medium and ^^T!^T^ 
making, on a porous element having an average pore diameter of not less than 1.0 urn but less than 100 urn. 

* 25. Theleukoc*e-rernovir*f^ 

^porous element to the average fiber diameter of the above fiber structure © not less than 16 but less than 

300. 
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26. The leukocyte-removing filter material according to Claim 24. wherein the keeping proportion of the above fiber 
structure to the above filter material is not less than 0.3% by weight but less than 5.0% by weight 

27. The leukocyte-removing filter material according to Claim 24, wherein the average fiber diameter of the above fiber 
s structure is not less than 0.05 urn but less than 0.5 um 

28. The leukocyte-removing filter material according to Claim 1 , obtained by allowing a microorganism having an ability 
to produce cellulose fiber and a porous element having an average pore diameter of not less than 1 .0 urn but less 
than 100 um to coexist in a liquid culture medium, culturing the microorganism and recovering the above porous 

w element 

29. The leukocyte-removing filter material according to Claim 28, wherein the ratio of the average pore diameter of the 
above porous element to the average fiber diameter of the above fiber structure is not less than 160 but less than 
1.500. 

is 

30. The leukocyte-removing filter material according to Claim 28, wherein the keeping proportion of the above fiber 
structure to the above filter material is not less than 0.03% by weight but less than 1 .0% by weight 

31. The leutocyte-removing filter material according to Claim 28, wherein the average fiber diameter of the above fiber 
20 structure is not less than 0.01 *im but less than 0.05 um. 

32. The leukocyte-removing filter material according to Claim 1 , obtained by spinning a porous element having an aver- 
age pore diameter of not less than 1 .0 urn but less than 100 jim by a melt-blow method, mixing fibers having an 
average fiber diameter of not less than 0.01 um but less than 1 .0 um into a fiber bundle stream which is being spun. 

25 

33. A process for producing a leukocyte-removing filter material which comprises dispersing fibers having an average 
fiber diameter of not less than 0.01 um but less than 1.0 um in a dispersion medium, and keeping the same, by 
paper-making, on a porous element having an average pore diameter of not less than 1 .0 urn but less than 1 00 um, 
wherein the filter material consists of the above porous element and a fiber structure composed of a plurality of the 

30 above fibers; the porosity of the above filter material is not less than 50% but less than 95%; the keeping proportion 
of the abovef iber structure to the above filter material is not less than 0.01% by weight but less than 30% by weight; 
the ratio between the average pore diameter of the above porous element and the average fiber diameter of the 
above fiber structure is not less than 2 but less than 2,000; and the above fiber structure forms a reticulate struc- 
tura 

35 

34. The production process according to Claim 33, wherein the above fibers having an average fiber diameter of not 
less than 0.01 u^n but less than 1 .0 um are those obtained by deaving cleavable fibers. 

35. The production process according to Claim 34, wherein the above cleavable fibers are regenerated cellulose fibers. 

40 

36. The production process according to Claim 35, wherein the method of cleaving the above cleavable fibers is a fibril- 
lation method 

37. The production process according to Claim 33. which further comprises a step in which the above fibers having an 
4$ average fiber diameter of not less than 0.01 urn but less than 1.0 um are obtained by culturing a microorganism 

having an ability to produce cellulose in a liquid culture medium by intermittently or continuously applying a vibra- 
tion thereto and recovering the above fibers from the culture medium. 

38. The production process according to Claim 37, which further comprises a step of splitting the above fibers recov- 
so ered. 

39. The production process according to Claim 33. which further comprises a step in which the above fibers having an 
average fiber diameter of not less than 0.01 um but less than 1.0 um are obtained by splitting the microorganism- 
cellutose fiber mass. 

55 

40. A process for producing the leukocyte-removing filter material according to Claim 1, which comprises dispersing 
the above fibers having an average fiber diameter of not less than 0.01 um but less than 1 .0 um in a dispersion 
medium to obtain a fiber dispersion, keeping this dispersion, by paper-making, on a porous element having an 
average pore diameter of not less than 1 .0 um but less than 1 00 um and subsequently subjecting the resulting filter 
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material to a high pressure liquid treatment 

41 A process for producing a leukocytenemoving filter material which comprises allowing a microorganism having an 
" ability to produce cellulose fiber and a porous element having an average pore diameter of not less than 1 .0 um but 
less than 100 urn in a liquid culture medium, culturing the above microorganism in the above liquid culture medium, 
and then recovering the above porous element, wherein the filter material consists of the above porous element 
and a fiber structure having an average fiber diameter of not less than 0.01 um but less than 1 .0 urn; the porosity 
of the above filter material is not less than 50% but less than 95%; the keeping proportion of the above fber struc- 
ture to the above filter material is not less than 0.01% by weight but less than 30% by weight; the ratio between the 
average pore diameter of the above porous element and the average fiber diameter of the above fiber structure is 
not less than 2 but less than 2.000; and the above f ber structure forms a reticulate structure. 

42. -The production process according to Claim 41. wherein the microorganism having an ability to produce cellulose 
fiber is an acetic acid bacterium. 

43. The production process according to Claim 41 . wherein the culture is a stationary culture. 

44 The production process according to Claim 41 . wherein the liquid level of the above liquid culture medium is inter- 
" mittently or continuously changed to be allowed to pass through the exterior and interior of the above porous ete- 
2o merit thereby culturing the above microorganism. 

45. The production process according to Claim 41 . wherein the above microorganism is cultured while a gas is intro- 
duced into the above liquid culture medium and/or the interior of the above porous element. 

46. The production process according to Claim 41. which further comprises a step of turning the porous element 
upside down during the culture. 

47. The production process according to Claim 41. wherein the above microorganism is cultured at a microorganism 
concentration of not less than one cells/mL but less than 1 .0 x 10 7 cells/mL 

48. The production process according to Claim 41 . wherein the culturing time is not less than 0.5 hour but less than 48 
hours. 

49 A process for producing a leukocyte-removing filter material which comprises spinning a porous element having an 
" average pore diameter of not less than 1.0 pm but less than 100 um by a melt-blow method and mixing fibers hav- 
ing an average f ber diameter of not less than 0.01 um but less than 1 .0 um into a f ber bundle stream which is being 
spun wherein the filter material consists of the above porous element and a fber structure composed of a plurality 
of fibers kept on the porous element, the porosity of the above filer material is not less than 50% but less than 95%; 
the keeping proportion of the above fiber structure to the above filter material is not less than 0.01% by weight but 
less than 30% by weight; the ratio between the average pore diameter of the above porous element and the aver- 
age fiber diameter of the above fiber structure is not less than 2 but less than 2,000; and the above fber structure 
forms a reticulate structure. 

50. The production process according to Claim 49 which comprises a step of further subjecting the above porous ele- 
ment and the above fber structure kept on the above porous structure to high pressure liquid treatment 

51 An apparatus for removing leukocyte from a leukocyte-containing solution, which comprises 1) a feed opening. 2) 
a fitter material which is composed of a porous element having an average pore diameter of not less than 1 .0 um 
but less than 1 00 um and a fber structure having an average fber diameter of not less than 0.01 um but less than 
1 0 urn kept on the above porous element and which has a porosity of not less than 50% but less than 95%. and in 
which filter material the keeping proportion of the above fiber structure to the above filter material ts not less than 
0.01% by weight but less than 30% by weight the ratio between the average pore diameter of the above porous 
element to the average fber diameter of the above fber structure is not less than 2 but less than 2.000 and the 
above fiber structure forms a reticulate structure: and 3) a discharging opening. 

52. The apparatus according to Claim 51 . wherein a plurality of sheets of the above fitter material are laminated in the 
flow direction. 

53. The apparatus according to Claim 51. wherein on the upper stream side and/or the down stream side of the above 
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filter material, other filter materials are arranged. 

54. The apparatus according to Claim 53, which comprises a filter material for removing fine agglomerates on the 
upper stream side of the above filter material. 

5 

55. The apparatus according to Claim 51 , wherein the sectional area of the above filter material in the normal line direc- 
tion to the flow direction is not less than 3 cm 2 but less than 100 cm 2 . 

56. A process for removing leukocyte from a leukocyte-containing solution, which comprises using an apparatus which 
to comprises 1) a feed opening, 2) a filter material which is composed of a porous element having an average pore 

diameter off not less than 1 .0 urn but less than 1 00 jim and a fiber structure having an average f foer diameter of not 
less than 0.01 um but less than 1 .0 jim kept on the above porous element and which has a porosity of not less than 
50% but less than 95% and in which filter material the keeping proportion of the above fiber structure to the above 
filter material is not less than 0.01% by weight but less than 30% by weight, the ratio between the average pore 
75 diameter of the above porous element to the average fiber diameter of the above fiber structure is not less than 2 
but less than 2,000 and the above fiber structure forms a reticulate structure; and 3) a discharging opening; pouring 
the leukocyte-containing solution from the feed opening; and recovering a liquid filtered by the above filter material 
from the discharging opening. 

so 57. The process according to Claim 56, wherein the leukocyte-containing solution is a whole blood preparation, a con- 
centrated erythrocyte preparation or a platelet concentrate preparation. 

58. The process according to Claim 57, wherein the above leukocyte-containing solution is a whole blood preparation 
or a concentrated erythrocyte preparation and the apparatus volume is not less than 3 mL but less than 20 mL per 

25 one unit. 

59. The process according to Claim 58. wherein the above leukocyte-containing solution is a whole blood preparation 
or a concentrated erythrocyte preparation and the number of the remaining leukocytes in the recovered solution is 
less than 1 x 10 3 cells/Unit. 

30 

60. The process according to Claim 59, wherein the above leukocyte-containing solution is a platelet concentrate prep- 
aration and the apparatus volume pre 5 units is not less than 1 mL but less than 10 mL 

61. The process according to Claim 60, wherein the above leukocyte-containing solution is a platelet concentrate prep- 
35 aration and the number of the remaining leukocytes in the recovered solution is less than 1 x 10 3 cells/5 units. 

62. The process according to Claim 56. wherein the above leukocyte-containing solution is a body fluid, the leukocyte- 
containing solution is continuously introduced from the feed opening and the liquid filtered by the above filter is 
recovered from the discharge opening. 

40 
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FIG.1 
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FIG.3 
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